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Uracil excision-based cloningThe two novel methods for DNA cloning presented here have been developed for the rapid construction of
vectors used for insertion of genes in ﬁlamentous fungi. The current study shows that both simpleUSER cloning
and nicking cloning can substitute USER cloning for insertion of single PCR fragments into plasmids. The
simpleUSER cloningmethod proposed in this paper varies from USER cloning by substituting the dual enzymatic
plasmid preparation step with a single enzymatic step. The other method further abolishes the use of USER™
enzyme mix and PfuTurbo Cx polymerase, and is referred to as nicking cloning.
We show that both simpleUSER cloning and nicking cloning can substitute USER cloning for insertion of single
PCR fragments into plasmids, and that the combination of these two methods works efﬁciently for the construc-
tion of selective plasmids and plasmids for co-transformation. This strategywas applied to geneticallymodify the
ﬁlamentous fungus Aspergillus carbonarius.
The twomethods simplify DNA cloning by reducing time and complexity associated with cloning in ﬁlamentous
fungi.
© 2013 The Authors. Published by Elsevier B.V.Open access under CC BY license. 1. Introduction
The progression of industrial strain development deeply relies on
cloningmethods that support recombination of DNAmolecules for spe-
ciﬁc cloning events (de Jongh and Nielsen, 2008; Zelle et al., 2008). This
often involves multiple cloning steps that each yields a recombinant
DNA plasmid (de Jongh and Nielsen, 2008).
Development of cloningmethods has resulted in less dependence on
the ligation step (ligation independent cloning). Central for ligation in-
dependent cloning has been the use of type II restriction endonuclease
(REase) reactions for plasmid linearization, DNA insert preparation or
both (Nour-Eldin et al., 2006; Speer and Richard, 2011; Aslanidis and
De Jong, 1990; Geu-Flores et al., 2007). Since each cloning step relies
on speciﬁc type II REase reactions the recognition sequences produced
during each cloning step need to be taken into consideration when de-
signing the cloning strategy. This hampers the use of cloning products in
other cloning strategies as the recognition sequences needed for other
applications often cannot be predicted.bio.aau.dk (M. Lübeck),
. Open access under CC BY license. This has spun a need formore ﬂexible cloning procedures, and several
techniques have been developed to circumvent the heavy reliance on
type II REases for high-throughput sub-cloning, e.g., Gibson assembly,
In-Fusion, and USER fusion among others (Aslanidis and De Jong, 1990;
Geu-Flores et al., 2007; Gibson et al., 2009; Zhu et al., 2007). Common
for these methods is that both vector and PCR product are treated in
such away that allows for the creation of complementary protruding sin-
gle strands. Depending on the method used, the mixture is either ligated
or used directly to transform the competent cells. In thesemethods there
is no need for type II REases as the vector can be PCR linearized. However,
because of PCR errors it is often desirable to linearize the vector with a
type II restriction endonuclease.
TheUSER cloningmethod is a ligase freemethod that supports direc-
tional insertion of PCR fragments into speciﬁc USER cloning adapted
plasmids (2008; Nour-Eldin et al., 2010). The method circumvents the
use of type II REases for PCR fragment preparation and only relies on
a single type II REase recognition sequence for plasmid preparation.
USER cloning presents the option of regenerating the recognition
sequence before or after the insert in which the same type II REase
can be used to prepare the vector once again. However, USER cloning
is equally dependent on: 1) amultinicking- and type II REase enzymatic
step (USER™ enzymemix, New England Biolabs) for plasmid lineariza-
tion, 2) uracil containing primers, and 3) a proof reading polymerase
that can read through uracil without stalling.
In the present work, two new cloning tools for the construction of
both a selection plasmid, using simpleUSER cloning, overexpressing
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(pe1 Pyc2) and a co-transformation plasmid, using nicking cloning,
containing the cytosolic malate dehydrogenase from Saccharomyces
cerevisiae (pCo MDH3) are introduced (see Fig. 1).
2. Methods
2.1. Strains and media
Escherichia coli strainDH5αwas used as host for plasmid propagation
(Sambrook et al., 1989). Plasmid puriﬁcation was carried out using the
GeneJET plasmid miniprep kit (ThermoFisher Scientiﬁc, Waltham, MA,
USA) according to the manufacturer's procedure.
A. carbonarius ITEM 5010 (http://server.ispa.cnr.it/ITEM/Collection/)
originally isolated fromgrapes in Italywas cultivated onpotato dextrose
agar (PDA; Scharlau Chemie, S.A. Barcelona, Spain) at 30 °C. S. cerevisiae
DDSF 623 was from Danish Distillers, Aalborg, Denmark, and cultivated
on potato dextrose agar at 30 °C.
2.2. Genetic elements used for plasmid construction
The high copy number plasmid pJET2.1 (ThermoFisher Scientiﬁc)
was used as a backbone for creating the simpleUSER andnicking cloning
plasmids. The plasmid pAN7-1 [GenBank: Z32698.1] obtained from
M. van Montagu (Lab. voor Genetica, Gent, Belgium) containing both
the constitutive glyceraldehyde-3-phosphate (gpd) promoter and the
trpC gene terminator from Aspergillus nidulans was used as source for
genetic elements in the constructed plasmids (Punt et al., 1987).
The plasmid pSM565 [GenBank: AY142483.1] obtained from
Dr. Kenneth Bruno (Paciﬁc Northwest National Laboratory, WA, USA)
containing the ribosomal protein 27 (RP27) promoter fromMagnaporthe
grisea, the E. coli hygromycin B phosphotransferase (hpt) gene and the
β-tubulin terminator (from Neurospora crassa) was used as source for
these genetic elements (Gallo et al., 2012).
2.3. General methods for plasmid construction
Primers for USER cloningwere designed using the PHUSER software
and other primers were designed using Primer3 software (Olsen et al.,
2011; Untergasser et al., 2000). All primers are shown in Table 1.
PCR was carried out in the Biometra T3000 thermocycler (Biometra,
Goettingen, Germany) according to the manufacturer's instructions for
both PHUSER polymerase (New England Biolabs, Ipswich, MA, USA)
and PfuTurbo Cx Hotstart DNA polymerase (Agilent Technologies), un-
less otherwise stated. For primers containing uracil bases PfuTurbo Cx
Hotstart DNA polymerase was used and for regular primers PHUSION
polymerase was used. When primers contained tails, the additional
baseswere not consideredwhen calculating the annealing temperature.
Annealing temperatures were calculated using Primer3 (Untergasser
et al., 2000). 10 ng template was used and if the template contained
the bla selection gene the PCR product was treated with DpnI (New
England Biolabs) for 1 h at 37 °C followed by heat inactivation for
20 min at 80 °C. PCR products were puriﬁed using the QIAquick® PCR
puriﬁcation kit (Qiagen, Germantown, USA).
1 μg plasmid was prepared by digestion o/n at 37 °C using 40 U of
type II REase in a total volume of 200 μl. All reactions were heat-
deactivated for 20 min at 80 °C. PCR products were used directly in
the reaction. The linearized plasmid was puriﬁed and 20 ng of the
linearized plasmid suspensionwasmixedwith 200 ng of each PCR frag-
ment, and 1 U USER™ enzyme mix in a total volume of 12 μl. The mix-
ture was incubated for 20 min at 37 °C followed by 20 min at 25 °C and
chemically competent DH5α E. coli cells were then transformed with
the mixture using standard procedures (Sambrook et al., 1989). All
constructs were veriﬁed using the sequencing service from StarSEQ
(Mainz, Germany).2.4. Creation of the plasmid containing the simpleUSER cassette, pSB2
A PCR of a selected region of pJET2.1 containing the ampicillin resis-
tance gene and origin of replication for plasmid propagation in E. coli
was performed using the Fw/Rv-pSB2 primers shown in Table 1. The
PCR products were digested with BclI (ThermoFisher Scientiﬁc). The
digested product was ligated using the T4-DNA ligase (New England
Biolabs), resulting in the plasmid, pSB2.
2.5. Creation of the plasmid containing the nicking cloning cassette,
pSB30011
The nicking cloning cassette ﬂanked by the constitutive gpdA pro-
moter and the trpC terminator both originating from A. nidulans was
inserted in a single USER fusion step. The gpdA promoter and the trpC
terminator were PCR ampliﬁed from the plasmid pAN7-1. The primers
used, Fw/Rv-gpdA and Fw/Rv-trpC, are shown in Table 1. pSB1 was
digested with PacI (New England Biolabs) overnight. The next day
40 U of the nicking enzyme Nt.BbvCI (New England Biolabs) and addi-
tional 20 U PacI were added and the plasmid was digested for 2 h at
37 °C. The linearized plasmid was mixed with gpdA-PCR product,
trpC-PCR product, and USER™ enzyme mix prior to transformation.
2.6. Creating plasmids for co-transformation using nicking cloning
Genomic DNA (gDNA) from S. cerevisiae was puriﬁed using the
FastDNA® kit (MP Biomedicals, Santa Ana, CA, USA) and used as
template for amplifying a malate dehydrogenase (MDH3) [GenBank:
M98763.1]. Genomic DNA (gDNA) from A. carbonarius transformants
was puriﬁed using the CTAB genomic DNA prep method described by
the Fungal Genetics Stock Center and used as template for amplifying
the pyruvate carboxylase (Pyc2) [JGI-Protein ID: 205146]. The primers
used are shown in Table 1.
pSB30011 was digested with Nb.BtsI (New England Biolabs). 1 μg
PCR product was digested for 2 h at 37 °C in a total volume of 200 μl
using 40 U of Nb.BbvCI. The linearized plasmid was mixed with
400 ng prepared PCR product without the addition of USER™ enzyme
mix and used for transformation.
2.7. Creating a selection plasmid and Pyc2 expression plasmid by
simpleUSER cloning, pSB001 and pe1 Pyc2
For the construction of pSB001, the RP27 promoter, hpt gene and
β-tubulin terminator all scattered on the cloning vector pSM565 were
inserted in a single simpleUSER cloning step (Figs. 1 & 4). pSB2 was
digested with Nb.BtsI for 2 h. The linearized plasmid was mixed both
with the RP27-, hpt-, and β-tubulin PCR products and the USER™
enzyme mix prior to transformation.
Similarly, for the construction of pe1 Pyc2, both the RP27–hpt–β-
tubulin construct originating from the pSB001 plasmid and gpdA–
Pyc2–trpC construct originating frompCo Pyc2were inserted in a single
simpleUSER cloning step (Fig. 1). The primers used, Fw/Rv RP27, Fw/Rv
bla, Fw/Rv β-tubulin, Fw/Rv RP27–hpt–β-tubulin and Fw/Rv gpdA–
Pyc2–trpC, are shown in Table 1.
2.8. Transformation of A. carbonarius
Protoplasts from A. carbonarius strain ITEM 5010 were prepared to a
ﬁnal concentration of 107 protoplasts/μl as described elsewhere (Gallo
et al., 2012). The selectionplasmid, pe1 Pyc2,wasmixedwith the plasmid
pCoMDH3, for co-transformation. The mixing ratio used was 1:3 w/w to
a ﬁnal concentration of 1.5 μg/μl. A. carbonarius protoplasts were trans-
formed with a 6.6 μl plasmid mixture (Gallo et al., 2012). Brieﬂy, 10 μg
of DNA was mixed with 100 μl of protoplasts using 1 ml of 40% PEG
to increase the transformation efﬁciency. Finally the protoplasts were
re-suspended in 12 ml minimal medium containing 0.8% agar and
Fig. 1. Flow scheme and plasmid map. The ﬂow scheme shows the creation of the plasmids presented in this paper. ori— origin of replication, bla— ampicillin resistance gene. pSB1 and
pSB2 were created by digesting the PCR product formed by Fw-pSB1, Rv-pSB1 and Fw-pSB2, Rv-pSB2 respectively, followed by ligation of the product. pSB30011 was created using the
USER fusion procedure presented elsewhere (Geu-Flores et al., 2007). Creation of pSB001 and pe1 Pyc2 was performed using the simpleUSER cloning method presented in this report
(see Fig. 4). The co-plasmids, pCo MDH3 and pCo Pyc2 were created using the nicking cloning cassette presented in this paper (see Fig. 5).
44 N.B. Hansen et al. / Journal of Microbiological Methods 96 (2014) 42–49100 μg/ml hygromycin. The suspension was poured into a Petri dish and
overlaid with 12 ml of minimal medium containing 0.8% agar and
100 μg/ml hygromycin. Growing colonieswere cut out from the transfor-
mation plate and regrown on selectionmedia. To isolate successful single
spore transformants, spores were streaked on selection media and
germinating spores were isolated. Isolated transformants were streaked
onto media without selection pressure. Finally the stability of the
transformantswas veriﬁed by streaking themonto selectionmedia again.
2.9. Veriﬁcation of inserted DNA and gene expression in stabilized
transformants
Spores were used as template for the screening of the malate dehy-
drogenase from S. cerevisiae (MDH3), the pyruvate carboxylase gene
(Pyc2), and the internal transcribed spacer (ITS) by modifying a spore
PCR method used for A. nidulans (Hervás-Aguilar et al., 2007). Brieﬂy,
the conidiospores were collected using a wire loop wetted with CTAB
buffer and suspended in 0.1 ml CTAB buffer in 1.5 ml screw cap
microcentrifuge tubes. 150 mg glass beads (0.45 mm in diameter) were
added and bead-beaten in 3 × 20 s. The suspension was incubated for
30 min at 65 °C and 0.1 ml of phenol/chloroform/isoamyl alcohol(25:24:1) was added and vortexed for 5 min. After centrifugation at
14,000 rcf for 5 min, 10 μl of the upper phase was collected and trans-
ferred into a tube containing 90 μl TE buffer at pH 8.0. 2 μl was used as
template. RNAwas extracted from each transformant using 24 h old cul-
tures of transformed and wild type A. carbonarius ITEM 5010 strain with
the RNeasyminikit according to manufacturer's protocol (Qiagen). cDNA
was prepared using the high capacity cDNA reverse transcription kit ac-
cording to the manufacturer's recommendation (Applied Biosystems).
The primers were designed using Primer3 software to make them highly
speciﬁc both for genomic DNA and cDNA (Untergasser et al., 2000).
As control, the PCR and RT-PCR reactions were also performed on
A. carbonarius wild type (negative template control), plasmid harboring
the corresponding gene (positive template control), and with the lack
of template (primer control). The primers used are shown in Table 2.
3. Results
3.1. Construction of a simpleUSER cloning cassette
In order to construct the plasmid containing the simpleUSER cas-
sette (pSB2) shown in Fig. 1, a primer pair, each containing half of a
Table 2
Complete list of built vectors. All plasmids are named using the nomenclature presented
above. In this work, pSB 1.0.0.0.0, pSB 2.0.0.0.0, and pSB 0.0.1.0.0 have been presented in
their abbreviated form: pSB1, pSB2, and pSB001.
# Plasmid Precursor plasmid Method used
1 pSB 1.0.0.0.0 pJET1.2/blunt Ligation
2 pSB 2.0.0.0.0 pJET1.2/blunt Ligation
3 pSB 3.0.0.0.0 pJET1.2/blunt Ligation
4 pSB 0.0.1.0.0 pSB 2.0.0.0.0 simpleUSER
5 pSB 0.0.2.0.0 pSB 2.0.0.0.0 simpleUSER
6 pSB 0.0.3.0.0 pSB 2.0.0.0.0 simpleUSER
7 pSB 0.1.3.0.0 pSB 1.0.0.0.0 USER
8 pSB 0.1.2.0.0 pSB 1.0.0.0.0 USER
9 pSB 3.0.0.1.1 pSB 1.0.0.0.0 USER
10 pSB 4.1.1.0.0 pSB 1.0.0.0.0 USER
11 pSB 4.1.1.1.0 pSB 4.1.1.0.0 USER
12 pSB 4.1.1.1.1 pSB 4.1.1.1.0 USER
13 pe1 Pyc2 pSB 2.0.0.0.0 simpleUSER
14 pe1MDH3 pSB 4.1.1.1.1 USER
15 pe1 spMAE1 pSB 4.1.1.1.1 USER
16 pe1 FUM1 pSB 4.1.1.1.1 USER
17 pe1 FumR pSB 4.1.1.1.1 USER
18 pe2MDH3 pSB 2.0.0.0.0 simpleUSER
19 pe3 spMAE1 pSB 2.0.0.0.0 simpleUSER
20 pCoMDH3 pSB 3.0.0.1.1 Nicking cloning
21 pCo spMAE1 pSB 3.0.0.1.1 Nicking cloning
22 pCo Pyc2 pSB 3.0.0.1.1 Nicking cloning
23 pCo FUM1 pSB 3.0.0.1.1 Nicking cloning
24 pCo FumR pSB 3.0.0.1.1 Nicking cloning
25 pk1 fps1 pSB 4.1.1.0.0 USER
26 pk1 gpd1 pSB 4.1.1.0.0 USER
27 pk1 gpd2 pSB 4.1.1.0.0 USER
28 pk1 206030 pSB 4.1.1.0.0 USER
29 pk1 DTC204747 pSB 4.1.1.0.0 USER
30 pk1 172825 pSB 4.1.1.0.0 USER
31 pk2 DR-CkuA-DR pSB 4.1.1.0.0 USER
Table 1
Primer for plasmid construction used in this study. In the case of pSB1 and pSB2, the underlined sequences represent the recognition sequence for the type II REase used for the assembly of
the cassette. For pSB1 and pSB2 the underlined sequences represent the type II REase recognition sequence of PacI and BclI respectively. USER tails and nicking cloning tails used for in-
sertion into cassettes are preceded by a hyphen. Uracil bases are capitalized. Sequences that are part of cassettes are shown in bold. Two additional restriction sites not used in this study
(SwaI and NotI) are shown in italic.
Function Direction Sequence
For the construction of pSB1 (std.USER cas.) Fw-pSB1 5′-ggtttaattaagacctcagc-gcggccgc-atttaaat-caattgctttccagtcggg-3′
Rv-pSB1 5′-gtcttaattaaaccctcagc-gcggccgc-atttaaat-tataattcggctgcagggg-3′
For the construction of pSB30011 (nicking cloning cassette) Fw-trpC 5′-agtggccacU-gcctcactgc-atagagtagatgccgaccgc-3′
Rv-trpC 5′-ggtcttaaU-tcgagtggagatgtggagtg-3′
Fw-gpdA 5′-gggtttaaU-tcgttgacctagctgattctgg-3′
Rv-gpdA 5′-agtggccacU-gcagcactgc-ggaagatgaatatactgaagatggg-3′
For the construction of the co-transformation plasmids, pCo MDH3, pCo Pyc2 Fw-MDH3 5′-ctgcagtggctgagg-aacatggtcaaagtcgcaa-3′
Rv-MDH3 5′-aggcagtggctgagg-tcaagagtctaggatgaaactct-3′
Fw-Pyc2 5′-ctgcagtggctgagg-atggctgccccccgtcagcccgagg-3′
Rv-Pyc2 5′-aggcagtggctgagg-ctaggccttggtgatcttgc-3′
For the construction of pSB2 (simpleUSER cas.) Fw-pSB2 5′-ctgcagtgatcactgcctcactgc-gcggccgc-atttaaat-caattgctttccagtcggg-3′
Rv-pSB2 5′-ttatgctgatcactgcagcactgc-gcggccgc-atttaaat-tataattcggctgcagggg-3′
For the construction of pSB001 Fw-RP27 5′-ctgcagtgaU-ataaatgtaggtattacctgtaca-3′
Rv-RP27 5′-attttgaagaU-tgggttcctacgaaagcc-3′
Fw-hpt 5′-atcttcaaaaU-gaaaaagcctgaactcaccgcg-3′
Rv-hpt 5′-atgctaU-tcctttgccctcggacga-3′
Fw-βtubulin 5′-atagcaU-cattccactcaacattca-3′
Rw-βtubulin 5′-aggcagtgaU-atcatcatgcaacatgca-3′
For the construction of pe1 Pyc2 Fw-CoPyc2 5′-ctgcagtgaU-tcgttgacctagctgattctgg-3′
Rv-CoPyc2 5′-attcgagU-ggagatgtggagtgggcg-3′
Fw-pSB001 5′-actcgaaU-aaatgtaggtattacctgtaca-3′
Rv-pSB001 5′-aggcagtgaU-atcatcatgcaacatgca-3′
Spore PCR ofMDH3 Fw-Smdh3 5′-ttcaagatgaacgccggtat-3′
Rv-Smdh3 5′-tcaagagtctaggatgaaactct-3′
Spore PCR of Pyc2 Fw-Spyc2 5′-cagcattaagggccagat-3′
Rv-Spyc2 5′-caccaacgatcttatatccaga-3′
RT-PCR ofMDH3 Fw-Cmdh3 5′-agatgaacgccggtattgtc-3′
Rv-Cmdh3 5′-aggtcaaggttcgtcacacc-3′
RT-PCR of Pyc2 Fw-Cpyc2 5′-aagatggaaatggttatctcggc-3′
Rv-Cpyc2 5′-taggccttggtgatcttgca-3′
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mid pJET2.1. In addition to having half the cassette sequence on each
primer tail, a BclI restriction site was present on each primer (Table 1)
that functioned to create overhangs used for self-ligation of the PCR
product, resulting in a plasmid containing the simpleUSER cassette.
3.2. Construction of the nicking cloning cassette
A plasmid containing a USER cassette (pSB1) was created similarly
to the plasmid containing the simpleUSER cassette. It was used for the
introduction of a nicking cloning cassette ﬂanked by the constitutive
gpdA promoter and the trpC terminator from A. nidulans by USER fusion,
resulting in the pSB30011 plasmid (see Fig. 1) (Geu-Flores et al., 2007).
The primers were designed so that the two PCR products were seam-
lessly fused together resulting in the nicking cloning cassette. To inves-
tigate the efﬁciency of the nicking enzyme, the linearized plasmid was
used for transformation into chemically competent E. coli. Any non-
linearized plasmid would in that case cause the formation of colonies.
This was done as control on all the experiments and no differences
from what was obtained with USER cloning were observed (data not
shown).
3.3. Construction of plasmids for co-transformation
To exemplify the use of the nicking cloning, the method was used to
create two plasmids, each harboring a different gene for expression in
A. carbonarius (see Figs. 1 & 5). The genes encode a malate dehydroge-
nase (MDH3) from S. cerevisiae and a pyruvate carboxylase from
A. carbonarius (Pyc2) and were both PCR ampliﬁed from puriﬁed geno-
mic DNA (Zelle et al., 2008). The cloningmethodwas based on theUSER
cloning method previously proposed by Nour-Eldin et al. (2006) with
Fig. 2. Example of RT-PCR results. Every transformant created, undergoes RT-PCR to verify gene expression. Lane 1, 100 bp ladder, lanes 2–9, eight transformants, lane 10—wild type, lane
11— no template control, and lane 12— positive control.
46 N.B. Hansen et al. / Journal of Microbiological Methods 96 (2014) 42–49theseminor alterations: 1) although four recognition siteswere present
for Nb.BtsI, the same amount of enzyme was used for linearization of
plasmid (40 U), 2) the overnight type II REase enzymatic step used inFig. 3. Types of plasmids used at our section. Type 1 plasmids, shown furthest to the left, are e
selectivity with any givenmarker. Type 2 plasmids, shown second to the left, are co-plasmids th
Type 3 plasmids, shown second to the right, are intermediate plasmids thatmay contain differen
the right, are plasmids containing any givenmarkerﬂankedby twoDNA sequences that are hom
in red are the positions at which a number code is inserted to decipher the characteristics of thUSER cloning was skipped, and 3) the sticky ends on the PCR product
were created using 40 U of Nb.BbvCI overnight. The co-plasmids were
named pCo MDH3 and pCo Pyc2, respectively (Fig. 1).xpression plasmids that can express a gene controlled by the gpdA promoter and confer
at can express a gene controlled by the gpdA promoter but that does not confer selectivity.
tmarkers, promoters, terminators or cloning cassettes. Type 4 plasmids, shown furthest to
ologous to theup- and down-stream sequences of the geneonewants to knockout. Shown
e plasmid.
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To exemplify the use of the simpleUSER cloning plasmid, it was used
to create the selection plasmid containing the hygromycin resistance
gene (hpt) and the plasmid containing both the hygromycin resistance
gene and the putative pyruvate carboxylase gene (Pyc2). Since
simpleUSER supports the USER fusion method previously described,
the two methods were combined (Figs. 1 & 4) (Geu-Flores et al., 2007).
The hygromycin resistance gene, the RP27 promoter and the β-tubulin
terminator are scattered on the pSM565 plasmid. They were fused into
pSB2 so that hpt was under the control of the ribosomal promoter 27
(RP27). The resulting plasmid (pSB001) was used as template for PCR
amplifying the RP27–hpt–β-tubulin element for cloning into pSB2
(see Figs. 1 & 4). The gpdA–Pyc2–trpC element was PCR ampliﬁed from
pCo Pyc2 and simpleUSER cloned together with the RP27–hpt–β-tubulin
element into pSB2 in a single cloning step thereby creating pe1 Pyc2.3.5. Co-transformation
A. carbonariuswas co-transformedwith pe1 Pyc2 and pCoMDH3. 40
transformants were obtained and screened for gene insertion by spore
PCR. Screening the 40 transformants veriﬁed that 25 successful transfor-
mation events had taken place and that 17 Pyc2+, 8 Pyc2+, andMDH3+
genotypes were created.Fig. 4. simpleUSER cloning. The plasmid containing the simpleUSER cassette, pSB2, is linearized
gene, and the β-tubulin terminator are PCR ampliﬁed using PfuTurbo Cx polymerase and uraci
enzyme mix. After a short incubation the complementary 3′ protruding ends will anneal and th
cassette and the nicking cassette (Fig. 5) is highlighted in red text in a red box. Nucleotide pairs r
highlighted in purple. For comparison to USER cloning see Nour-Eldin et al. (2006).3.6. Veriﬁcation of gene expression in stabilized transformants
Expression of genes was veriﬁed by targeting the 3′ end for RT-
PCR. Gel-electrophoresis results for 8 successful Pyc2+ andMDH3+
transformants are presented in Fig. 2.3.7. Plasmid library
The high throughput construction of plasmid leads to a large and
expanding library of plasmids that all can serve as intermediates for
future cloning strategies. The nomenclature used for keeping track
of our plasmids is based on characterizing the plasmids into four groups,
three of which have been presented in this work. 1) Expression vectors
that contain a constitutively expressed gene controlled by the gpdApro-
moter from A. nidulans and a marker used for selection. 2) A co-vector
that only contains a constitutively expressed gene controlled by the
gpdA promoter from A. nidulans, and 3) all the intermediate plasmids
used for the construction of either type 1 or type 2 plasmids. Lastly,
a fourth type of construct used for knocking out genes was used (see
Fig. 3).
Because of the simultaneous use of intermediate plasmids for differ-
ent cloning strategies, additional plasmids were constructed from the
plasmids presented in this study while undertaking the practical part
of the study.by treatmentwith the nicking enzyme Nb.BtsI for 2 h. The ribosomal promoter 27, the hpt
l containing primers. The linearized plasmid is mixed with both PCR products and USER™
e construct, pSB001, is ready for transformation. The difference between the simpleUSER
esponsible for directional insertion are highlightedwith yellow and green. Uracil bases are
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In this work the feasibility of two novel cloning strategies,
simpleUSER cloning and nicking cloning is presented. The approach is
based on the USER plasmid construction system in combination with a
co-transformation method (Nour-Eldin et al., 2010; Wernars et al.,
1987;Mikkelsen et al., 2003). The simpleUSER cloningmethod abolishes
the use of type II REases for the preparation of plasmids (see Fig. 4).
Nicking cloning further advances simpleUSER cloning by substituting
the use of USER™ enzymemixwith the use of a nicking enzyme. Nicking
cloning thereby eliminates the need for type II REases, USER™ enzyme
mix, uracil containing primers and proofreading polymerases that can
read through uracil without stalling (Fig. 5).
The USERmethodwas improved by introducing simpleUSER cloning
that reduces plasmid preparation to a single nicking enzymatic reaction.
This not only lowers the amount of enzymatic steps used, but also intro-
duces a method that only utilizes nicking enzymes for plasmid prepara-
tion (Fig. 4). As the omitted step is performed overnight, the time
associated with preparation of the cassette is therefore reduced.
The new cloning systems presented here therefore are simpler, less
laborious and less costly compared to the original USER cloningmethod.
Although these twomethods have been developed to work indepen-
dently of each other, they were used for the construction of two types of
plasmids used in this study: 1) selective plasmids conferring hygromycin
resistance, and 2) plasmids for co-transformation. The combined action
of a selection plasmid together with co-transformation plasmids was
used in the insertion of two genes simultaneously in A. carbonarius.
No difference in either the transformation efﬁciency or false- to pos-
itive transformation ratio compared to USER cloning was observed.
USER cloning has been used for less than a decade and the advan-
tages of USER based cloning are discussed elsewhere (Nour-Eldin
et al., 2010). The preference of ligation independent cloning types
(Gibson, In-Fusion, LIC-PCR cloning etc.) is largely based on the simplic-
ity of getting started with the method. It therefore seemed obvious toFig. 5. Nicking cloning. The plasmid containing the nicking cloning cassette, pSB30011 is linea
from S. cerevisiae is PCR ampliﬁed using a proofreading enzyme. The PCR product is treated w
short incubation the complementary 3′ protruding ends will anneal and the construct, pCo MD
and the nicking cassette is highlighted in red text in a red box. Nucleotide pairs responsible fo
in purple. Note that in contrast to simpleUSER cloning, no uracil containing primers are used mcreate a simpliﬁed version of USER cloning in a way that makes it less
laborious. Because of this, and because of the exhaustive amounts of
novel cloning tools presented during the last decade, only a comparison
of our ﬁndings to USER cloning and USER fusion is discussed.
The creation of USER-, simpleUSER-, and nicking cloning cassettes
was demonstrated by the introduction of these cassettes using self-
ligation. It has been reported that the use of an oligomer pair, that
when annealed not only constituted a USER cassette but also ﬁts into
a multiple cloning site of most cloning plasmids, is an easy way to get
started with USER cloning (Nour-Eldin et al., 2006). No success using
this procedure was obtained by us and it was speculated that the palin-
dromic structure of the cassette hampers this approach. Simply getting
a plasmid synthesized that contains the cassette is also proposed in
literature (Hansen et al., 2011).
For a demonstration of the versatility of nicking cloning, the nicking
cloning cassette ﬂanked by the gpdA promoter and the trpC terminator
was used for the creation of co-transformation plasmids (Fig. 1).
The nicking cloning cassette does not, however, support USER fusion
(Geu-Flores et al., 2007). Therefore the strength of this method is where
a singleDNAmolecule needs to be inserted into a plasmidwithout taking
type II REase recognition sequences into consideration when planning a
strategy. In our study a selection marker in the nicking cloning plasmid
was not included, but this is obvious to do for simple cloning approaches
where only one gene of interest is inserted in a host genome.
For both simpleUSER cloning and nicking cloning, the cloning proce-
dure leaves a scar that prevents sequential simpleUSER or nicking clon-
ing on the newly formed plasmid. There is therefore nothing gained by
re-introducing a cassette on the insert as can be performed by USER
cloning (Nour-Eldin et al., 2006). But since the simpleUSER cassette
supports USER fusion, any issues involving sequential cloning can be
overcome by choosing the insertion of multiple DNA fragments in one
cloning event as for instance seen in this study.
Since only a small fraction of the PCR product is used for the cloning
event, the products can be stored. By having alternative PCR productsrized by treatment with the nicking enzyme Nb.BtsI. The malate dehydrogenase (MDH3)
ith Nb.BbvCI in parallel. The linearized plasmid is mixed with the PCR product and after a
H3, is ready for transformation. The difference between the simpleUSER cassette (Fig. 4)
r directional insertion are highlighted with yellow and green. Uracil bases are highlighted
aking it possible to use a proofreading polymerase.
49N.B. Hansen et al. / Journal of Microbiological Methods 96 (2014) 42–49they can be combined to create a variety of plasmids with, for instance,
various promoter combinations.
5. Conclusions
Overall, two cloning procedures that do not rely on type II restriction
endonuclease for plasmid construction are presented. This further
advances USER cloning and its variations. Although the combination of
two new cloning procedures can be used to generate multiple geno-
types in ﬁlamentous fungi, the methods are easily implementable for
other systems. It could, for instance, be advantageous to have a nicking
cassette in a plasmid already containing a fungal marker. This plasmid
could serve as an expression vector where any gene could be inserted
for fungal expression. Although a simpleUSER cassette also could func-
tion in such a way, the continuous use of uracil containing primers
and USER enzyme might make it less favorable. This, however, would
be fully compensated if multiple DNA molecules needed to be assem-
bled as performed in this study.
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Glossary
Ligation independent cloning: Ligation-independent cloning (LIC) is a form of molecular
cloning that can be performed without the use of type II restriction endonucleases and
DNA ligase.
USER cloning: The uracil-speciﬁc excision reagent (USER™) friendly cloning technology
is dependent on the excision of a single uracil base from either end of a PCR generated in-
sert. Theuracil bases are included in the. Following PCRampliﬁcationwith theprimers, ex-
cision of the uracil bases results in 3′ overhangs on the PCR product complementary to 3′
overhangs in the vector fragments. The 3′ overhangs in the vector DNA is generated by the
combined cutting of a standard restriction enzyme and a nicking enzyme — paraphrased
from Rasmus Frandsen's home page: http://www.rasmusfrandsen.dk/user_cloning.htm.
Nicking endonuclease/enzymes: Nicking endonucleases (NEases) recognize speciﬁc nucle-
otide sequences in double-stranded DNA and cleave only one of the strands.
Co-transformation: A genetic alteration of a cell resulting from the direct uptake, incorpo-
ration and expression of exogenous DNA that does not confer any selective advantages.
Co-plasmids: Plasmids containing all the DNA required for gene-expression but lacking a
selective marker. Used for co-transformation.
